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Introduction
Most studies of the effect of R&D spending on economic growth have used the GDP deflator to convert current price spending into constant price spending. 1 However, it is not clear that the cost of R&D follows the path of prices in the economy as a whole.
There are two main reasons that we might wish to deflate R&D spending. First, from the point of view of the firm, R&D should be deflated by the price of output, because that represents the amount of resources that the firm must give up in order to undertake R&D.
If output prices rise rapidly relative to R&D costs, the firm has to devote a smaller share of output to carry out the same amount of R&D. The crucial point here is that the amount of R&D being undertaken has remained constant. However, from the point of view of an econometrician who wishes to assess how much contribution a constant quantity of R&D makes to productivity growth, such a measure will be far from ideal, because it will fall if output prices rise relative to the cost of R&D (say through a change in the level of competition in the product market) but the amount of R&D undertaken will still be the same. The only way to correct for this bias, from the econometrician's point of view, is to deflate R&D by a measure of its own cost. 2 Several studies have attempted to construct deflators for R&D spending. There have been two main approaches. Some researchers have used surveys to ask firms and institutions about their views of R&D price increases. 3 Other researchers have used weighted averages of proxy price indices of R&D components. 4 A study by Jankowski (1993) A simpler methodology was adopted by Griliches (1984 , following Jaffe, 1972 , who used a weighted average of the US manufacturing hourly compensation index (49%) and the US non-financial implied deflator (51%). A similar approach was used by , who constructed a UK industrial R&D price deflator based on the CSO distribution of industrial R&D costs; these costs were for wages and salaries (47%), plant, materials and equipment and other (50%), and land and building (3%). These weightings did not appear to change significantly over the period 1948-70, so constant weights were assumed. 
Data Sources
Mansfield, Romeo and Switzer (1983) argue that there are five principal inputs to the R&D process: (1) engineers and scientists, (2) support personnel, (3) materials and supplies, (4) plant and equipment, and (5) other inputs. The surveys of UK BERD that are conducted by the CSO have often included a breakdown of the R&D spending into its various components for each industry. 5 Table 1 shows that for manufacturing as a whole, the proportion of R&D spending devoted to wages and salaries has declined steadily between 1969 and 1989. This trend is largely repeated at an industry level. In order to compile an R&D price index it is necessary to compile time series data on each of these cost components and to weight them appropriately. We used a number of different data sources to compile the sectoral price indices. Some of these data are 5 industry-specific, and some of them are for manufacturing as a whole. Each cost component will be dealt with in turn.
The largest component of R&D cost is wages and salaries. CSO surveys distinguish between three different kinds of personnel working on R&D projects -(1) scientists and engineers, (2) technicians, laboratory assistants and draughtsmen, and (3) administrative, clerical, industrial and other staff. In 1992, scientists and engineers accounted for half of all full-time equivalents engaged in BERD, and the other two categories accounted for one quarter each. New Earnings Survey data on the earnings of these three occupational groups suggest that we should give a weight of two-thirds to scientists and engineers and one-third to support staff. Data on salaries of scientist and engineers in each industry are available in the New Earnings Survey. 7 The salaries of support personnel were proxied by industry-specific data on the earnings of administrative, clerical and technical staff available in the Employment Gazette.
The cost of materials was proxied by a simple average of two industry-specific components -the producer price output index and the producer price input index. The category 'other current' relates primarily to administrative and overhead related costs and are proxied by two aggregate indices -the retail prices index (excluding food) and the manufacturing producer prices output index. Lastly, to proxy the cost of the capital component of R&D spending we used the industry-specific gross fixed capital formation deflator. 8 Table 2 summarises the proxy variables used. 
Methodology
The simplest way to calculate a price index for R&D is to apply fixed weights to the appropriate proxy price indices. Taking p t as the price at time t, and q t as the quantity at time t, examples of such indices are:
(1) P p pp q p q La ( , ; , ) / When the shares of the cost components of an aggregate are changing over time, an alternative approach to a fixed weight index is to use a Divisia index (see Deaton and Muellbauer, 1980, pp. 174-175, and Diewert, 1976) . Instead of comparing discrete situations, a Divisia index analyses the continuous effect of price changes. The Divisia index is a weighted sum of its components' growth rates, where the weight for each component is the expenditure on that component as a proportion of total expenditure.
Providing there exists a well-defined aggregate and the aggregator function is linearly homogenous, the Divisia index has several desirable properties, the most important of which is that it is consistent with the original optimisation problem faced by the representative consumer.
The Törnqvist-Theil discrete time approximation to the continuous time Divisia index (where w 0 and w 1 are the expenditure shares in the two situations) is given by:
We divided manufacturing into seven broad sectors -chemicals, mechanical engineering, electronics (including computers), other electrical engineering, motor vehicles, aerospace, and other manufacturing. We constructed Divisia indices for the cost of R&D between 1970 and 1992 for each of these industries and also for the pharmaceuticals industry (a component of the chemicals industry). We then constructed a Divisia index for manufacturing as a whole based on the weights of the seven sectors in real R&D spending.
Furthermore, we constructed a Laspeyres index for manufacturing as a whole based on the 1970 weights of the seven industries, and a Paasche index based on the 1992 weights. We have four main conclusions. First, we have argued that price indices specifically for R&D provide a better guide to the quantity of R&D undertaken than does the GDP deflator. This is not to say that for certain purposes it might be relevant to look at R&D deflated by some other measure of prices, but no other measure of prices gives a better guide to the quantity of R&D undertaken. Trends in the cost of R&D and in the GDP deflator tend to be similar, as is to be expected, but differences still emerge. For example, our implicit R&D deflator shows that real manufacturing BERD rose by 7.3 per cent between 1983 and 1992, while the GDP deflator suggests a rise of 11.4 per cent. Second, we have shown that the cost of R&D in individual industries can rise at very different rates from that in manufacturing as a whole. These two conclusions agree with those of Jankowski (1993) for the USA.
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Third, unlike Jankowski, we have also argued that Divisia indices reflect the changing components of the R&D process in a way that is both empirically and theoretically superior to the use of fixed weight indices. Fourth, we also examined the rising share of pharmaceutical R&D in total BERD, and concluded that this rise was probably genuine and not particularly due to R&D workers in pharmaceuticals gaining higher wage increases than those in other industries.
